Abstract
INTRODUCTION
Nowadays, hepatitis C virus (HCV) infection represents a global health problem, affecting over 160 million people worldwide [1] . The progression of hepatitis C induced liver disease can be insidious, gradual, during several decades, leading to liver cirrhosis (LC) and hepatocellular carcinoma (HCC). It is estimated that, within 20 years of viral infection, about 20%-30% of subjects will develop LC [2] . There is evidence that 2.8%-11.7% of the patients with compensated LC will develop hepatic decompensation sooner or later; as for the incidence of HCC, a percentage of 1.8%-8.3% has been reported [3] . The use of pegylated interferon (IFN) in combination with ribavirin, in treating the HCV infection, leads to a sustained virological response (SVR) in about 50% of patients and it is known to have significant side effects [4] . Fortunately, recently there has been a much better understanding of the HCV particularities and structure. The efforts to improve the hepatitis C management resulted in the discovery and development of directacting antivirals (DAAs), which are meant to interfere with specific steps in HCV replication; in other words, they directly interact with HCV encoded proteins, resulting in the disruption of viral replication [5] . Therefore, DAAs have shown promising effects, increasing the rates of SVR to more than 90% with notably fewer side effects [6] . Although the number of HCV-infected subjects is high, the access to the IFN-free therapy is still limited, due to increased costs and due to the fact that the HCV infection remains highly underdiagnosed [7] [8] [9] . The use of nucleoside and protease inhibitors has relative contraindications in subjects diagnosed with end-stage renal disease.
It is also worth mentioning that the IFN-free treatments are designed to cure the viral infection, but not the liver disease itself, once the HCV has led to LC or HCC. Furthermore, the risk of complications persists even after achieving SVR, although there is evidence demonstrating improvement in liver function tests after using DAAs [10, 11] . Also, even after achieving SVR, re-infection is a possibility that can occur in 10%-15% of patients, especially in individuals at risk, such as intravenous drug users [12] . This study aims to assess the effect of DAAs on liver function and to analyze the particularities of HCC diagnosed during or after treatment with Paritaprevir/Ombistasvir/Ritonavir and Dasabuvir with or without ribavirin (a treatment that is not recommended for patients with decompensated cirrhosis or liver cancer).
METHODS
In this study, we included a number of 278 patients, all of them infected with HCV genotype 1b, who received IFN-free treatment with Paritaprevir/Ombitasvir/Ritonavir and Dasabuvir, with or without Ribavirin, for 12 weeks.
An informed written consent was taken from all the participants and all their records were confidential. The scientific purpose of the study, as well as the implications of the therapy itself were presented in detail to each subject, as well as any unexpected research-related risk that may appear.
Viral infection was assessed in each patient by quantitative HCV ribonucleic acid (RNA) tests, describing a high viral load in all patients, with more than 800,000 IU/L. In order to estimate the degree of fibrosis, each of the 278 patients underwent a Fibromax evaluation, resulting in 173 patients with F4 degree of fibrosis (cirrhotic patients) and 105 patients with F3 degree of fibrosis. None of the patients underwent liver biopsy for liver evaluation, due to its invasive character and susceptibility of associated complications.
The follow-up time was 14 months (since January 2016 until March 2017). Screening for liver cancer in the subjects included in the study was periodically performed by assessment of alpha-fetoprotein (AFP) levels and abdominal ultrasonography; both parameters were determined before starting the IFN-free therapy, monthly (during therapy), and also every three months afterwards.
According to the protocol of evaluation, the liver assessment was started by performing an AFP determination as well as an abdominal ultrasonography at the beginning of the therapy. If AFP levels were found high (twice the normal value) or ultrasonography abnormalities were spotted, a computed tomography (CT) scan or contrast-enhanced ultrasonography (CEUS) would be performed, in order to obtain more information. CT was not routinely performed as a first-hand screening method for HCC on all patients, at the beginning of the study, due to the potential risk related to ionizing radiation exposure and contrast-induced injury, and also because the use of CT-scan in all the patients was not considered to be cost-effective. Moreover, the AASLD and EASL-EORTC surveillance and diagnostic algorithms in HCC state that only cirrhotic patients are considered candidates for surveillance, and surveillance should be performed with ultrasound every 6 months. It is also worth mentioning that ultrasound examination of all the individuals included in the study was done by highly experienced personnel, with extensive experience in the field of hepatic imaging. Patients with HCC diagnosed in this stage were not included in the study and did not receive any form of IFN-free treatment, as the presence of HCC represents a contraindication for the therapy. AFP and liver enzymes were also determined at week 4 and week 8 of therapy. At the end of treatment (EOT) (week 12), the evaluation protocol included AFP and abdominal ultrasonography. Any abnormality in these parameters would impose a CT scan for further investigation, as well as a magnetic resonance imaging (MRI) (if the CT scan turned out to be inconclusive).
RESULTS
We prospectively collected and analyzed data from 278 patients infected with HCV genotype 1b, 37.76% of which (105 individuals) had F3 degree of fibrosis, while 173 of the subjects (meaning approximately 62.24%) were already in the F4 cirrhosis stage. They were all treated with DAAs (paritaprevir/ombitasvir/ritonavir and dasabuvir, with or without ribavirin) for 12 weeks. Most of the participants (53.24%) were females; the percent of liver cirrhosis among women was 60.8%. The male population included 46.76% of the subjects, with a similar percent of 63.8% cirrhotic participants among the male population. The numeric distribution of patients by gender and degree of fibrosis are shown in Figure 1 .
The mean age was 60.29 ± 11.9 years. The follow up time was 14 months (from January 2016 to March 2017). Before starting the therapy, 69.3% of the cirrhotic patients and 26.7% of the patients with F3 degree of liver fibrosis presented higher than normal levels of AFP, with blood values up to 70 ng/mL. The mean AFP level, at the initiation of therapy, was 13.39 ± 11.18 ng/mL. Contrast-enhanced ultrasonography was performed for 79% of patients. Neither CEUS nor the CT scan revealed any HCC nodules at the beginning of therapy. The distribution of patients with high AFP levels, according to gender, fibrosis and means of further evaluation are shown in Figure 2 .
During the 4th week of treatment, 5 participants presented elevated levels of AFP. All of them had previously been classified as cirrhotic (F4 on Fibromax evaluation). Abdominal CT scan was therefore performed on all 5 patients, showing single HCC nodules in 2 subjects and multiple HCC nodules in the other three. Furthermore, the CT scan identified signs of portal vein thrombosis (PVT) in 2 of the 5 patients (1 patient with single HCC nodule and PVT, and 1 patient with multiple HCC nodules and PVT). The direct antiviral therapy was not interrupted in any of the cases. The 3 subjects diagnosed with HCC and no signs of PVT underwent trans-arterial chemoembolization (TACE) with doxorubicin, while on antiviral therapy, with good outcome. Figure 3 reveals the evolution of the patients who were diagnosed with HCC during treatment. Figure 4 describes the CT image of a HCC diagnosed while the patient was undergoing DAA treatment. We note the presence of a hepatic mass (of about 28/23 mm), characterized by a typical hyper-enhancement during arterial phase, while, in the portal venous phase, the lesion is rapidly becoming indistinct or hypoattenuating, by comparison to the rest of the liver tissue (venous phase washout). Also, in this patient's case, there are signs of thrombosis of the portal vein trunk, which may be a common phenomenon in individuals with HCC. Compared to HCC without PVT, the association of the two pathological entities is known to be more aggressive and to have a significantly higher chance of complications, as it represents a contraindication for both surgery and TACE. The two patients that were discovered to have HCC and PVC co-occurrence started receiving Sorafenib only after they completed the IFN-free therapy.
At the EOT (week 12), 2 more F4 participants presented higher levels of AFP (twice the values recorded before starting the IFN-free therapy). As they both had previously normal results of the CT scan performed at the beginning of treatment, they were investigated by abdominal MRI, which revealed single HCC nodules, in both cases. These patients refused surgical resection of the nodules and also underwent TACE, with a significant decrease in AFP levels, as it is shown in Figure 5 .
At 12 weeks after the EOT, the blood tests performed on the participants revealed increased levels of AFP (up to 10 times the initial value) in other 3 F4 patients; also, there was one cirrhotic patient who had normal AFP, but in whose case the abdominal ultrasonography showed a single HCC nodule. In the patients with high AFP levels, abdominal CT scan was not able to determine the exact sizes and extension of the nodules, thus an MRI evaluation was required. In all 3 cases, the lesions identified by the MRI were larger and more extensive than the CT scan had anticipated.
One of the three patients diagnosed with HCC at SVR was a 64-year-old female; in her case, the abdominal CT revealed three nodular lesions in segment 8 (27/30 mm, 16/18 mm and respectively 10/6 mm), that displayed slight hyper-vascularization in the arterial phase, followed by a late washout, as seen in Figure 6 .
As the patient underwent an MRI investigation, the lesions appeared to be in hypo-signal on T1 and also, it was revealed that the hepatic masses had bigger dimensions than they initially appeared on the CT [ Figure 7 ].
The MRI exploration also revealed a lesion located in the hepatic dome, also in hypo-signal on T1, which had not been visible on the CT images [ Figure 8 ]; given the presence of the hepatic dome mass, surgical resection was not indicated in this case. This imagistic pattern is consistent with an infiltrative type HCC.
All the patients that presented high levels of AFP at SVR (12 weeks after the EOT), also underwent chemoembolization, with one month follow-up showing no tumor progression and decreased AFP levels. The one patient with normal AFP levels was also evaluated by MRI due to iodine allergy and underwent one session of chemoembolization, with excellent results -no tumor rebound 9 months after the procedure. Figure 9 shows the evolution of all three patients with elevated levels of AFP at 3 months after ending the antiviral treatment. Notably, all patients acquired SVR. Overall, the risk of HCC in our study group was 1.51%. When reported to F4 patients, the risk of HCC increases to 6.35%.
DISCUSSION
It is acknowledged that patients with HCV compensated cirrhosis who achieved SVR due to IFN-based therapy, were shown to be at a lower risk of developing HCC [13] . It was also demonstrated that patients with HCV-induced chronic liver disease had a decrease of the fibrosis level, under DAA treatment [14] . For the past several decades, pegylated interferon and ribavirin therapies were used to treat most of the patients with HCV associated liver disease, but they showed various side effects and toxicities.
The use of DAA treatment regimens has opened a new era in the approach of HCV-induced liver disease, reducing the need for liver transplantation [15, 16] . However, there is evidence of the occurrence or recurrence of HCC in patients with chronic HCV infection, who received DAA therapy, achieving SVR, as shown in a recent publication [17] . Therefore, we consider that the association between IFN-free treatment and the development of HCC in patients with chronic HCV infection, should be further investigated and discussed, as it represents a highly important issue in hepatology.
There are several variables associated with an increased risk of developing HCC after SVR, such as advanced liver fibrosis, older age, alcohol abuse, metabolic diseases (especially diabetes mellitus) and the persistence of hepatic inflammation [18, 19] . A variant in genotype 1b HCV core protein Gln70 (His 70) may also be incriminated in the increase of HCC incidence [20] . In our study, the occurrence of HCC in patients treated with DAAs was noted during therapy, as well as at the end and also three months after completing it. Older age, comorbidities, advanced fibrosis are all factors that should be taken into consideration when analyzing the increased risk of developing HCC. The mean age of the participants included in our study was 60.29 ± 11.19 years, and more than 60% of them had an F4 degree of fibrosis, which may justify the occurrence of HCC in these cases. The risk of HCC development in patients with compensated cirrhosis in our study group is consistent with literature data [3] . However, in spite of the HCC occurrence, SVR was achieved in all the patients that continued antiviral therapy.
It is worth mentioning that, while the alpha interferon based regimens activate natural killer (NK) cells, the DAAs rapidly decrease the levels of HCV RNA, thus leading to a blockage in NK cells activation [21] . This way, the protective effect of the inflammatory mechanisms is lost and liver regeneration as well as carcinogenesis may appear [22] . There is also evidence showing an elevated level of vascular endothelial growth factor after the initiation of IFN-free treatment [23] .
Given the fact that most of the HCC cases found in our study were detected in the first month of therapy, the hypothesis that the tumors were already there, before starting the DAA treatment, simply becoming radiologically detectable after initiating the therapy, should be taken into consideration.
The imaging of HCC is complicated and may have limitations, especially in the early stages, as the tumor has a variety of radiologic appearances and may coexist with regeneration and dysplastic nodules in the cirrhotic liver. In patients with HCC diagnosed during or at the end of DAA therapy, it is most likely that the tumors were already there, mainly due to their dimensions at the time of diagnosis. However, this only emphasizes the importance of ultrasound and AFP follow-up, even during antiviral therapy. In this case, we do not consider that the initial evaluation of these patients should have included a mandatory CT scan, as it has not been proven to be cost-effective; also, a hypothetical mandatory imagistic evaluation would not be CT scan, but liver MRI, with further increases of the imbalance cost-effectiveness. In patients diagnosed with HCC after achieving SVR, it is most likely that the tumors developed during or after antiviral therapy. They were of small dimensions and all presented the infiltrative pattern previously discussed. Therefore, we recommend the usage of a combination of ultrasound and serum AFP as a primary surveillance method for HCC, especially in cirrhotic patients. If abnormalities are detected by these methods, further exploration by CT and MRI is required.
In conclusion, the use of DAAs is not associated with a decrease in the development of HCC. Therefore, the screening for HCC should not be stopped after achievement of SVR, as IFN-free treatments cure the viral infection, not the liver disease itself. Patients who develop HCC after antiviral treatment need to be evaluated by MRI in order to detect the extension of the disease as these tumors are more often infiltrative. More studies should be undoubtedly performed, before determining the association between DAA therapy and HCC development. 
